We have estimated the terms of a regional CO budget for the central United States (32.5ø-50øN, 900-105øW) boundary layer. This region extends from near the Canadian border southward to the approximate limit of the temperate climate zone. Outside the western border are the Rocky Mountains, where orographic lifting dominates transport. The regional boundary layer budget can be represented by the following equation:
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The fluxes are as follows: F u is the upward deep convective flux from the boundary layer to the free troposphere; F a is the downward convective flux from the free troposphere to the boundary layer; F i is the horizontal flux into the region; and F o is the horizontal flux out of the region. The term F s is the surface flux, which in this case includes the regional anthropogenic emission of CO, the biogenic source of CO, and CO deposition. P represents the photochemical production of CO by oxidation of CH4, isoprene, and short-lived anthropogenic hydrocarbons. L is the photochemical loss of CO and R is the budget residual. The following subsections describe the calculation of each component in (1).
Regional Upward and Downward Deep Convective

Fluxes
The statistical-dynamical approach for computing Fu, the upward mass flux, was developed by Pickering et al. [ 1992a] to estimate the regional convective transport of CO from biomass burning in the Amazon Basin. It is based on the following simple equation: Table 2 . Occasional inadvertent urban plume measurements were excluded in the selection of data from these flights. Some of the free tropospheric measurements may contain influence of convection. Rural boundary layer CO ranges from 115 parts per billion by volume (ppbv) over North Dakota to 177 ppbv over Illinois with more uniform conditions in the 2-to 7-km layer, 107 ppbv over Arkansas to 137 ppbv over Minnesota. We bilinearly interpolated the measurements (Figures 3a and 3b) on the ISCCP grid so that a boundary layer and middle troposphere CO mixing ratio were available for each grid cell Additional upward flux from regions containing urban plumes must still be considered. Surface CO measurements from the U.S. Environmental Protection Agency's aerometric information retrieval system (AIRS) were summarized for the states comprising the central United States. Data are available for 42 urban stations, 19 suburban stations, and 2 rural stations (located near urban areas). We averaged the June data for 5 years (1987-1991) from the suburban and rural sites to yield an average surface CO mixing ratio for the urban plumes in the region (655 ppbv). We estimated an average CO mixing ratio for the 1.5-km depth of the boundary layer containing an urban plume by averaging the surface value and the average free tropospheric mixing ratio (117 ppbv) to obtain 387 ppbv. The additional upward convective flux from the urban plumes was estimated with (2) for the 10 metropolitan areas in the region with greater than 0.5 million people. We assumed an average plume width of 50 km (based on average metropolitan area dimensions) and an average plume length of 100 km (based on data for the Oklahoma City urban plume [Pickering et al., 1989] For nonforest vegetation types, downward flux (deposition) exceeds emissions, as CO is taken into the soil. We calculate the deposition of CO over the remaining 87.4% of the land area using a deposition velocity of 0.02 cm s [Seiler, 1974] and the boundary layer CO data, yielding 1.7 x 108 kg month -1 . Therefore the net biogenic flux is 0.7 x 10 8 kg month-• downward.
2.3.
Photochemical Production and Loss CO is produced in the boundary layer through oxidation of many hydrocarbons. We estimate CO production from oxidation of CH 4, isoprene, and short-lived anthropogenic hydrocarbons. The rate of CO production from CH 4 is computed using
d[CO]/dt-k3[CH4][OH]
where k 3 is the rate constant for the reaction of methane with the hydroxyl radical (OH Note *Values are averaged over June, July, and August. Harvard/GISS domain has 25% greater area than GSFC region. Harvard/GISS boundary layer has 2.6-km depth, and GSFC depth is 1.5 km.
?GSFC value includes NAPAP anthropogenic emissions, biogenic emissions, and surface deposition; Harvard/GISS value is NAPAP anthropogenic emissions. We compare our regional CO budget with that derived for a similar region (32ø-48øN, 87.5ø-107.5øW) from a summertime simulation with a three-dimensional model [Jacob et al., 1993b] . Results for both budgets are summarized in Table 4 . The simulation was performed with a threedimensional continental-scale photochemical model using a 4 ø latitude by 5 ø longitude grid with nine layers in the vertical. This grid matches that of the Goddard Institute for Space Studies (GISS) general circulation model (GCM2). The photochemical model was run with a one-summer archive of data from GCM2 as input. Net photochemical production of CO is near zero in both the GSFC and Harvard/GISS budgets, reflecting the fact that OH number densities are similar in both approaches. The top of the boundary layer in the model (2.6 km) is somewhat higher than we have assumed (1.5 kin), and the area considered in the model is 25% larger than our region. We have scaled the Harvard/GISS net vertical flux to our regional area. After We comment on generalizing the methods of this paper to other species and regions. The central United States has been ideal for an initial CO budget study because representative trace gas measurements from surface and aircraft are available for both urban and rural regions and we had built up a base of cloud-scale transport statistics from deep convective episodes. In general, CO is amenable to the analysis presented here in any region with detailed emission inventories, representative trace gas measurements, and meteorological data adequate for cloud model simulations of prototype convective events. It is less appropriate to attempt a budget for short-lived species (i.e., more spatially variable) with more complex chemistry. In the case of CO we plan to calculate regional budgets during the southern hemisphere 1992 biomass burning season from satellite imagery of clouds and fires and from chemical and meteorological observations taken during the Southern African Fire Atmospheric Regional Initiative (SAFARI) and Global Tropospheric Experiment/Transport and Atmospheric Chemistry near the Equator-Atlantic (GTE/TRACE-A) field campaigns.
